Abstract-The ever growing bandwidth in access networks, in combination with IPTV and video on demand (VoD) offerings, opens up unlimited possibilities to the users. The operators can no longer compete solely on the number of channels or content and increasingly make high definition channels and quality of experience (QoE) a service differentiator. Currently, the most reliable way of assessing and measuring QoE is conducting subjective experiments, where human observers evaluate a series of short video sequences, using one of the international standardized subjective quality assessment methodologies. Unfortunately, since these subjective experiments need to be conducted in controlled environments and pose limitations on the sequences and overall experiment duration they cannot be used for real-life QoE assessment of IPTV and VoD services. In this article, we propose a novel subjective quality assessment methodology based on full-length movies. Our methodology enables audiovisual quality assessment in the same environments and under the same conditions users typically watch television. Using our new methodology we conducted subjective experiments and compared the outcome with the results from a subjective test conducted using a standardized method. Our findings indicate significant differences in terms of impairment visibility and tolerance and highlight the importance of real-life QoE assessment.
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Digital Object Identifier 10.1109/TBC.2010.2067710 a real challenge for service providers. Network impairments, such as packet loss and jitter, can severely degrade audiovisual quality during playback which, in turn, will influence end-users satisfaction of the video service. According to [1] , there is a positive correlation between the willingness to pay and the QoE of the video stream offered to the user. The study clearly shows that users are always inclined to pay less if they are offered a video stream with a lower QoE. When users feel they are overpaying for their service in regards to the quality they experience, they will react in different ways which will all eventually lead to a decrease in revenues for the operator from those customers. Clearly, the video service providers will want to ensure and maintain a satisfactory quality at all times (and preferably an even better quality). Measuring and monitoring audiovisual quality and gaining an insight into the way end-users react on and tolerate audiovisual degradations become as such important fields-of-interest for the service providers.
From a network point of view, quality can be measured, monitored and optimized through quality of service (QoS) in terms of packet loss, delay, jitter, available bandwidth, etc. [2] . However, it is generally known that the impact of network impairments on audiovisual quality also depends on the characteristics of the video stream. As such, the same amount of packet loss will result in different audiovisual degradations depending on the video encoding, network packetization and video content. The latter is typically characterized in terms of the amount of motion and spatial detail (e.g., textures, edges, ). Visual impairments will likely be more perceived in high motion areas or in areas with a low amount of spatial detail [3] , [4] . In general, only measuring objective QoS parameters is insufficient to reliably estimate end-users' subjective overall perception of quality, commonly referred to as Quality of Experience [5] , [6] .
End-users' perception of quality is a highly subjective matter and a lot of research is currently ongoing to construct new quality metrics which try to accurately measure QoE. The experience of users is foremost subjective and rather complex, as it is influenced by different contextual factors (e.g., environmental conditions and social circumstances). QoE is not static, as "the quality of people's experience changes over time as it is influenced by variations in these multiple contextual factors" [7] . Therefore it is important to take these contextual factors into account when measuring QoE. Prior to the construction of such quality metrics, subjective experiments are usually conducted in which human observers are required to provide a visual or audiovisual quality rating for a series of video sequences. The results of these experiments serve as ground truth for the construction and validation of new QoE metrics. There 0018-9316/$26.00 © 2010 IEEE already exists a variety of international standardized subjective quality assessment methodologies that describe in detail how such subjective experiments must be set up and conducted.
According to the definition in ITU-T Recommendation P.10/G.100 Amendment 2, QoE includes the complete end-to-end system effects and can be influenced by user expectations and context. Subjective quality experiments are, however, conducted in controlled environments where subjects receive specific instructions on how to evaluate the video sequences. Watching television, on the other hand, is known to be a typical lean-backward social experience where people are watching a movie in their living room with friends or family. Video sequences are watched and evaluated very differently during subjective experiments compared to watching television. But QoE includes more than only the aspect of audiovisual quality; the overall end-user experience of IPTV and VoD also includes factors such as channel zapping delays, application responsiveness, ease of use, content availability, which all contribute to the overall acceptance and success of new video services. Therefore, since QoE depends on user expectations and context, measuring and assessing the QoE of a particular video service such as IPTV or VoD should be performed in the most natural environment where these services are typically consumed.
In this article, we investigate the difference between assessing QoE using standardized subjective video quality assessment methodologies and conducting QoE tests in real-life environments using a novel methodology based on full-length movies. This new methodology encourages subjects to watch the video sequence in the same environment they normally watch television without actively evaluating audiovisual quality. The results obtained using our new methodology show significant differences from those of the standardized subjective experiments.
The remainder of this article is structured as follows. We start by motivating the need for a new methodology, in Section II, by describing existing subjective quality assessment methods and highlighting their major drawbacks. Based on these shortcomings, we define the requirements for a new subjective methodology which enables real-life QoE assessment and propose a novel subjective video quality assessment methodology. In Section III, we describe the subjective tests that were conducted in order to validate our new methodology and present the results of this study in Section IV. Finally, we conclude the article.
II. TOWARDS REAL-LIFE QOE ASSESSMENT
Subjective video quality assessment, which involves real human observers watching and evaluating the (audio)visual quality of a number of short video sequences, is currently the most reliable way of obtaining real quality ratings. Subjective assessment methodologies which describe how to conduct such experiments in controlled environments have already been standardized and are still widely used. However, new methodologies are needed which enable more realistic QoE assessment. Fig. 1 . Typical trail structure of (a) a single-stimulus and (b) a double-stimulus subjective quality experiment that define the order sequences are displayed and rated by the subjects, as specified in ITU-T Rec. P.910 and P.911.
A. The Need for a New Subjective Quality Assessment Methodology
International standardized subjective video quality assessment methodologies as specified in ITU-T Recommendations P.910 and P.911 and ITU-R Recommendation BT.500-11 include detailed guidelines on how to organize and conduct video quality experiments. These recommendations describe both Double Stimulus and Single Stimulus test methods, which define the overall trail structure. In case of a Single Stimulus test, as shown in Fig. 1(a) , sequences are displayed without an explicit reference and subjects are required to provide a quality rating for each individual sequence. A Double Stimulus test implies that sequences are shown pairwise. The first sequence presented to the subjects is the reference sequence which serves as reference point for optimal quality. Then, an impaired or degraded version of the same sequence is displayed. After each pair of sequences, the viewer is required to rate the degradation/impairment visibility between the second and the reference sequence. This trail structure is depicted in Fig. 1(b) .
These assessment methodologies do not only specify the order in which the sequences must be presented but they also limit the maximum duration of the video sequences (typically between 10 and 15 seconds). In case longer video sequences (up to 30 minutes long) must be evaluated, continuous quality evaluation can be used as defined by the Single and (Simultaneous) Double Stimulus Continuous Quality Evaluation methods, standardized in ITU-T Rec. P.911 and ITU-T Rec. BT.500-11. During such a test, subjects continuously have to rate quality during video playback, by means of moving a slider, instead of providing a quality score after the entire sequence has been viewed.
Prior to the start of a subjective experiment, subjects receive specific instructions on how to watch and evaluate the video sequences. As a result, subjects are highly focused on detecting vi-sual degradations during playback. Therefore, in order to avoid viewer fatigue and boredom, the entire duration of a subjective experiment should be limited to 30 minutes.
Finally, the subjective test methods also specify specific viewing conditions such as the viewing distance as a function of the picture height, monitor resolution, display brightness and contrast and overall test room conditions. More detailed information concerning subjective video quality testing and a comparison of the different methodologies is provided in [8] and [9] . These methodologies have already been widely adopted and are still used in literature to study, for example, the effects of video encoding and video transmission on the perceived quality of end-users [10] .
However, the controlled environments in which these subjective experiments need to be conducted are not reflective of a consumer's natural environment for watching television. There are significant differences between watching television and participating in a subjective test. Television is primarily watched for leisure and is known to be a typical lean-backward experience [11] . People watch television programs and movies, together with friends or family, for their content or plot. In contrast with conducting subjective tests, people are not primarily concentrated on audiovisual quality evaluation while watching television. When conducting subjective experiments, the duration of both the sequences and the overall experiment are limited. Rating the quality of a sequence which contains visual degradations will depend on the length of that particular video sequence. For example, two impairments in a 10 seconds sequence will be perceived differently in a 30 minutes sequence. The same holds when the two degradations occur during movie playback. It is also clear that the typical home environment, where people watch television, is a highly uncontrolled environment. The stringent test environment demands, which are imposed by the existing methodologies, in terms of viewing distance and screen quality and calibration can thus be very different compared to a living room environment.
As such, user expectations and context differ substantially between subjective video testing and watching television. This will influence perceived QoE, according to its definition. Therefore, a new subjective methodology is needed for measuring the QoE of IPTV and VoD services in real-life environments.
B. Full-Length Movie Quality Assessment Methodology
In order to enable real-life QoE assessment we are particularly interested in a new subjective methodology which (1) encourages subjects to watch the video sequences in the same environment they normally watch television and (2) which is capable of mimicking the lean-backward TV viewing experience. By doing so, we want to avoid that subjects are already biased and try to actively evaluate audiovisual quality. Since evaluating the influence of audiovisual degradations, caused by failures (e.g., packet loss) in the delivery chain from service provider to end-user, is an important aspect of QoE assessment, (3) the new methodology must also allow the controlled insertion of such degradations during playback. Since we want to test IPTV and VoD services (4) the quality of the content, which is shown to the test subjects, must be representative and comparable with current IPTV content. Finally, the new methodology must also (5) provide a means for collecting feedback from the subjects concerning the (audio)visual quality of the video sequence(s).
Taking into account the different requirements imposed on the new subjective methodology, we propose the use of full-length DVD movies for real-life QoE assessment. By using DVDs, subjects can take the disc home where they will watch it most likely in the same environment and under the same conditions they watch television. Using full-length movies we also encourage subjects to watch the movie for its content, not for its audiovisual quality. 1 As such, we want to create a realistic lean-backward TV viewing experience. Furthermore, subjects tend to take DVD quality as reference when judging the QoE of video services such as VoD [12] .
Evaluating the influence of audiovisual degradations during movie playback can be performed by impairing the movie and writing the resulting damaged movie onto a new DVD. This enables the controlled insertion of impairments in the video and/or the audio track of the movie. Our methodology can thus be used for conducting auditive only, video only or audiovisual subjective quality assessment tests. In order to insert visual degradations into the movie we used the toolchain depicted in Fig. 2 . First, we extracted the part or the scene from the movie which we wanted to impair. To inject network impairments into the fragment we used our in-house developed modular multimedia streamer xStreamer [13] . Other different tools can be used to degrade the selected part. Coding errors can be inserted by re-encoding the selected part at a lower bit rate or using different encoders. It is important to mention that when converting the movie or the selected fragments back into a compliant DVD movie, the encoding bit rate was set as high as possible in order to avoid additional coding impairments.
Since our new methodology is focusing on real-life QoE assessment, we do not want to inform our subjects about any possible degradations during playback but we still want to collect user feedback immediately after watching the movie concerning perceived quality. Therefore, we use questionnaires which are provided together with the DVD to the subjects. The questionnaire is enclosed in a sealed envelope and we strongly insist that none of the subjects opens the envelope prior to watching the entire movie. This approach ensures that the test subjects are not biased when they start watching the movie. Subjects were asked to answer different questions which enable us to track the number of impairments/degradations perceived, impairment annoyance and the overall quality rating for the movie. Among others, the following questions were included in the questionnaire:
1) Personalia (age, gender, video expertise level).
2) Did you perceive any visual artifacts during playback? If yes, how many? Which types: motion jerkiness, blockiness, green blocks, other? 3) Describe the scenes or the locations where the degradations occurred. (e.g., the scene with the fire place at the beginning of the movie, when they are talking in close-up at the end of the movie). 4) Indicate on a scale from 1 to 5 the annoyance of the impairment ( at all, ). 5) Which types of impairments are the least disturbing (choice between: motion jerkiness, blockiness, green blocks, other)? 6) Which types of impairments are the most annoying? (motion jerkiness, blockiness, green blocks, other)? 7) On a scale from 1 to 5 , rate the overall visual quality of the movie. For the overall quality rating, a 5-grade Absolute Category Rating (ACR) scale was used as specified in ITU-T Rec. P.910.
As such, by using DVDs and providing a questionnaire to the subjects, we are able to meet all requirements for our new subjective video quality assessment methodology.
III. SUBJECTIVE TEST SETUP FOR COMPARING REAL-LIFE QOE ASSESSMENT WITH A STANDARD METHODOLOGY
Using our novel proposed subjective video quality assessment methodology, described in the previous section, we conducted two subjective experiments.
In [14] , we used full-length DVD movies to assess the influence of packet loss and frame freezes on the perceptual quality of end-users. This subjective test was primarily conducted to investigate whether visual impairments are less noticed during real-life QoE assessment and to check which kind of impairments interrupt the viewing experience the most. Seven different movies of different genres (action, adventure, comedy and drama) were used and impaired with frame freezes and random blockiness caused by packet loss. The length of the movies varied between 120 and 170 minutes. Only the video track of the movie was impaired, the audio track remained unchanged. According to the end-to-end QoE objectives, as specified in Technical Report 126 of the DSL Forum [12] , the maximum allowed loss period should not be more than 16 ms. However, a study of Pastrana-Vidal et al. [15] concerning the effect of motion jerkiness on quality perception, indicated that a single frame freeze with a duration of more than 200 ms is detected by 100% of the test subjects. This result was obtained after conducting a standard subjective test with CIF resolution video sequences of 10 seconds long. As our main research question was whether visual impairments are perceived different during a standard subjective test and during real-life QoE assessment, we wanted to insert impairments in the movie which would be clearly visible during a standard subjective test. Therefore, the duration of the impairments was extended to last between 320 ms and 400 ms. For our test, several different impaired versions of the movies were created which contained up to three visual impairments, equally spread over time. The impairments were inserted into scenes with varying temporal and spatial complexity. However, no impairments occurred in the first and last half hour of movie playback. After watching the movie, subjects were asked to provide immediate feedback concerning the visual quality by completing a questionnaire which was provided together with the movie. It was stressed that subjects did not look at the questionnaire prior to watching the movie. The same questions were asked as described in the previous section. A total number of 56 non-expert viewers, of which 32 males and 24 females, participated with this subjective experiment. Some of them watched more than one movie. All subjects were aged between 14 and 49 years.
A second subjective test was conducted using the same fulllength DVD movie methodology in [16] . During this test, the influence of H.264 scalable video coding (SVC) on the perceptual quality was studied. In the case of SVC, a video sequence is encoded using one base layer and one or more enhancements layers. The base layer offers the sequence at minimal quality. By decoding the base layer and additional enhancements layers, better perceived quality can be achieved. As such, SVC encoded video can be streamed over heterogeneous networks to a wide variety of end devices without the need for transcoding. H.264/SVC supports temporal, spatial and signal-to-noise ratio (SNR) scalability. Temporal scalability implies that the sequence can be played at different frame rates whereas spatial scalability refers to the possibility of playing the sequence at different spatial resolutions. SNR scalability can be used to increase the overall picture quality. As such, in case a video needs to be scaled down, different techniques can be used. This experiment was set up to get a better understanding of the preferred scalability solution in case of video downscaling. One full-length movie of 130 minutes long was used, which contained six degradations equally spread over time but not in the first and last 15 minutes of movie playback. In case of bandwidth fluctuations or packet loss, video can also be scaled down accordingly. Another aspect of scalability is to upscale the video again once the network problems are resolved. However, in order to avoid too much quality fluctuations, upscaling should not be performed instantaneous. In this test, we wanted to insert visible degradations and our goal was to use exactly the same video sequences for conducting a standard subjective test. As already stated, the latter limits the duration of the video sequences. During the standard test, the scalability had to become visible after a couple of seconds of playback so that the viewer noticed the downscaling effect. We also wanted to end the playback at the normal quality level. Taking all this into account, the six degradation periods were selected to last 8 seconds long. Each impairment was created by temporal and SNR downscaling that particular part of the original movie. For this, the movie was first encoded with a base layer and a medium grain scalability (MGS) enhancement layer. In order to make a fair comparison between temporal and SNR (quality) scaling, the temporal reduced bit rate was used as a target for the quality scaling, as illustrated in Fig. 3 .
The latter experiment was also carried out as part of a wider social-scientific qualitative user research, investigating practices, motivations and trends regarding the use of video-in-the-home in a broad definition. A sample of 38 households, accounting for a total number of 100 subjects, participated in this test. None of these subjects had previously participated with the first real-life QoE experiment concerning the influence of frame freezes and packet loss on the perceptual quality. The participants were asked to watch the movie on their preferred device (TV or PC). They were not aware there were any errors included in the movie, they thought the content of the movie would be the subject of discussion. Each subject was also asked to complete the questionnaire immediately after watching the DVD in preparation of a face-to-face interview the next day. During the interview, the questionnaire was used as a starting point for the discussion and the alternative fragments were shown and discussed on the same device they watched the movie.
In this article, we now compare the results obtained during real-life QoE assessment with results obtained using a standardized methodology. Our goal is to highlight the difference in impairment visibility and impairment acceptability and to highlight the importance of our novel subjective test methodology. Therefore, we conducted a third subjective test using the single stimulus (SS) ACR method as described in ITU-R Rec. BT.500-11. We opted for an SS test which implies that only the degraded videos were shown to the test subjects without the presence of an explicit reference which also corresponds more with watching television, where viewers can only evaluate the received video. The video sequences to be evaluated and rated during this experiment contained exactly the same visual impairments as the impaired movies used in [14] and [16] in order to enable the comparison of error visibility and error tolerance between the different subjective assessment environments. Using the movies from [14] , we created 56 short video sequences with a duration of 15 seconds that contained either a frame freeze or random blockiness. These sequences corresponded to the scenes in the movies where the impairments occurred. For each impairment, a short sequence was created in which the visual degradation appeared in the first 5 seconds and a second sequence was created in which the same error appeared in the last 5 seconds of playback. As for the movies from [16] , 18 sequences of 15 seconds long were created. For each of the six visual degradations caused by downscaling, three sequences were created which respectively contained the original sequence, the temporal downscaled version and the SNR downscaled version exactly how these appeared in the full-length movies. As a result, each of the short video sequences to be shown to the subjects contained at most one visual impairment which should be clearly visible during this standard subjective test according to our initial goal.
At the beginning of the subjective test, training sequences were used to indicate the type of impairments subjects could expect. Furthermore, specific instructions were given so that the subjects knew they had to evaluate the visual quality of the video sequences. After each sequence was displayed to the subjects, they were first asked to indicate which type of impairment they perceived (or none when they did not perceive any) and to rate the visual quality of the video using a 5-grade ACR scale. The video sequences were all displayed in full screen on a 19" flat panel TV display and the test subjects were seated at a viewing distance of 7 times the screen height. In total, 25 non-expert viewers participated with this subjective experiment of which 48% also had participated with the real-life QoE subjective test concerning frame freezes and blockiness and watched at least one movie.
In the following section, we present the results for this third subjective test and compare them with the results obtained using our full-length movie subjective quality assessment methodology.
IV. RESULTS
The results obtained during our research can be classified in two categories. First, we present the results which study the difference in impairment visibility. Then, we investigate the tolerance towards visual degradations. A comparison is always made between our novel methodology and the standard SS ACR test method.
A. Impairment Visibility
Results from our previous research [14] showed that 42% of the subjects detected the frame freezes during movie playback and that 91% of them noticed the blockiness impairments. Blockiness impairments were created by injecting packet loss in that particular part of the movie. Packet loss rates were set high enough so that almost 50% of each individual image in the fragment contained the impairment. In the case of frame freezes, one single frame was frozen for the entire degradation period. This way, we wanted to create degradations which would be clearly visible during a standard test and check whether these would also be visible during real-life QoE assessment. It is clearly visible from the graph in Fig. 4 that blockiness is more often detected, even during movie playback. Blockiness impairments result in scrambled pictures whereas frame freezes leave the Fig. 4 . Percentage of the subjects that perceived the frame freezes and blockiness during real-life QoE assessment and during our standard subjective test. pictures intact which is less visible. Using the short video sequences in the standardized test, both frame freezes and blockiness were detected by 98% of the subjects, as also shown in Fig. 4 . While watching full-length movies, subjects are concentrated on the content instead of on audiovisual quality. Before the start of the standard SS ACR test, subjects received specific instructions on the type of visual impairments they could perceive. As a consequence, subjects' primary focus was on visual quality evaluation. This shows that error visibility highly depends on whether users are focusing on content or quality and that impairments are less visible while watching television. This result also indicates that impairments can be masked using frame freezes as an efficient and simple error concealment technique when applied to full-length movies. However, it is important to ensure that the natural flow of the movie is not interrupted. This will be discussed later. Fig. 5 depicts for each scene the percentage of the subjects that perceived the temporal or SNR downscaling during our full-length movie and our SS ACR test. As can be seen, the detection threshold is content dependent and in general much more impairments were noticed during the standard test since subjects are, as explained earlier, focused on quality evaluation. In slight contrast with the full-length movie, there is not much difference between the perceptibility of SNR and temporal scalability in the standard test, except for scene 3. This scene consisted of diagonal panning and contains a lot of spatial detail, making it a rather trivial case where SNR scalability would be preferred. 2 Leaving scene 3 aside for reasons described above, it should be noted that the SS ACR test does not yield big differences between the two scalability methods. From a service provider point of view these results are not of practical use in order to improve the QoE of their service. The results from the proposed full-length movie quality assessment however show larger differences. Thus, they can be of more use for the network provider in order to target a certain type of scalability. Furthermore, the provider can also rest assured that this assessment methodology leans closer towards the real perceived quality of the consumption of their service.
B. Impairment Tolerance
As explained in Section III, our standard SS ACR test included 28 sequences which contained a visual impairment (either blockiness or a frame freeze) occurring in the first 5 seconds and 28 sequences with the same degradation in the last 5 seconds of playback. Hands et al. [17] studied the influence of primacy and recency effects on television picture quality assessment. Primacy and recency effects occur when the earliest, respectively the latest information has a higher impact during quality rating. Their study indicated the existence of a recency effect when using the Double-Stimulus Continuous Quality-Scale (DSCQS) method from ITU-R Rec. BT.500-11. This means that subjective quality ratings were lower for sequences which contained a visual degradation towards the end. We used a standard Student t-test for testing the significance between the mean opinion scores (MOS) of our sequences which contained an impairment in the beginning and our sequences with an impairment towards the end. The calculated probability values are listed in Table I , significant values are placed in italic. In correspondence with the findings from [17] , our results also indicate the occurrence of recency effects during the SS ACR test. However, the recency effect only holds in the case of blockiness impairments. The position of a frame freeze has no significant impact on the quality rating.
Some of the DVDs that were used to assess the influence of frame freezes and blockiness [14] were also created in such a way that impairments occurred in the beginning and/or towards the end of movie playback. As such, impairments appeared after half an hour of movie playback and/or half an hour before the end of the movie. On average, this resulted in one impairment per hour as suggested by the DSL Forum [12] . In order to investigate the existence of primacy or recency effects during real-life QoE assessment, the MOS scores of the subjects who perceived exactly one impairment while watching one of these DVDs were also compared using a standard Student t-test. These probability values are also listed in Table I and indicate that no primacy nor recency effects occur during real-life QoE assessment. As already stated, the impairments lasted between 320 ms and 400 ms. The relative portion of a sequence that is impaired depends on the total sequence duration. One visual degradation in a period of 120 minutes is perceived very differently compared to the same impairment in a sequence of 15 seconds long.
When subjects perceived both frame freezes and random blockiness impairments during the full-length movie, they were asked to indicate which type of impairments they found the most and the least annoying. The results of this question showed that 83% of the subjects rated frame freezes more annoying than blockiness. Comparing the MOS for the short sequences which contained a visual impairment indicated that there is also a significant difference between the quality ratings for blockiness and frame freezes. In contradiction with the results from [14] , subjects now rated frame freezes better than blockiness during the standard test. Sequences with frame freezes were rated on average 3.13 whereas blockiness was rated 2.52 on average with standard deviations of respectively 0.79 and 0.93. This difference in MOS is statistically significant to the 0.001 level. This means that, for the short video sequences, frame freezes are less disturbing to the subjects compared to random blockiness.
During the face-to-face interviews in [16] , subjects indicated that the natural flow of the movie is very important and that they do not like impairments that break down the fluidity of the movie playback. Although frame freezes are less often noticed, when perceived they are considered more annoying. Blockiness impairments do not introduce jerky motion and therefore do not break playback fluidity. The importance of maintaining the natural flow of the movie also shows that special attention must be given to the use of frame freezes as a concealment strategy. These results also indicate that a real TV viewing experience can be created with our novel methodology which is not the case during a standard subjective test. The social-scientific research clearly showed that when people watch TV in their natural setting on their preferred screen, not only the environment is important (the actual setting: screen size, distance to screen, the comfort of their home), but also the experience of the content that is watched. When people relate to the content and are really engaged in the flow of the movie, they might have a different idea about the disturbance of errors (e.g., in a face-to-face conversation, blocks will be less disturbing than a disruption of the fluidity of the movie). The equipment people use to watch TV does influence the expected quality of the content. People who watch a movie on a PC are less error prone than people who watch it for example on their HD TV. This can be explained by the fact that people are used to see video content of lesser quality on the computer (e.g., streamed content, user generated content) than on TV and the people who bought themselves a HDTV screen have higher quality demands, as they expect the quality to be better than their old CRT screen.
After watching the full-length movies from [14] , subjects were required to provide a quality rating using a 5-grade ACR scale. Fig. 6 shows the average MOS scores together with the standard deviations of subjects who perceived none, one, Table II , with significant values placed in italic, show that there is no statistically significant difference in MOS when subjects detect up to two visual impairments during movie playback. Both the graph and the table also clearly show that 3 visual impairments are no longer tolerated by the subjects, resulting in a significant drop of MOS to 3.13 (quality rated as "fair"). Furthermore, these overall quality ratings are higher compared to the MOS scores given to the short sequences evaluated during our SS ACR test, which only contained one visual degradation. The standard deviations of the MOS scores of the subjects who perceived none, one, two or three impairments during movie playback are respectively 0.51, 0.53, 0.59 and 0.45. These values are all lower compared to the standard deviations of the MOS scores which were given to the sequences containing a frame freeze or blockiness during the standard test. This indicates that conducting subjective experiments in real-life environments does not influence the variance of the quality ratings, even if this environment is less controllable. The end-to-end recommended minimum QoE requirements for triple-play services by the DSL Forum [12] specify that, in the case of standard definition (SD) video, one visible impairment per hour of video playback is tolerable to maintain a satisfactory service level quality. For HDTV, only one visible impairment per four hours is allowed in order to provide a satisfactory QoE towards the end users. Our results show that users tolerate up to two visual impairments during movie playback, which corresponds with the recommended QoE requirements for SD. Issa et al. [18] showed that in the case of HDTV, the recommended mean time between visible distortions can be relaxed to some extent.
As a final result, we tested the significance between the MOS scores of SNR and temporal downscaled short sequences. This indicated that SNR scalability is rated better quality compared to temporal scalability for scenes 2, 3 and 4. For the other scenes, which contained less motion, there is no clear preference for a certain type of scalability. From the results in [16] , it could be concluded that subjects in general favor temporal over quality scalability as it was less noticeable.
V. CONCLUSION
In this article, we presented a novel subjective video quality assessment methodology which enables real-life QoE assessment. Our methodology, based on full-length movies, encourages subjects to watch and evaluate a video sequence in the same environment they usually watch television. By providing a questionnaire, feedback can be collected concerning the visual impairments and degradations, which were inserted in the movie.
A. Characterizing the Differences Between Real-Life and Controlled Laboratory Environments
It is clear that there are substantial differences between quality assessment performed in a controlled lab setting and in the natural setting of people's everyday life context. In a lab setting, different parameters can be controlled (e.g., screen quality, distance to screen, light) as every research subject is watching the content under the same conditions. The natural setting of people (in our case their living room) is less controllable as everyone is watching TV using different conditions. This is also the strength of our approach as the quality tests are conducted in people's natural setting where they watch our movies with the same quality demands and expectations they normally have when watching television. The respondents in our tests were not aware that there were errors included in the movie. They watched the movie while experiencing a natural flow, which is nearly impossible to mimic in an artificial setting. In the interviews afterwards, they did not only express their preference for a certain quality solution (e.g., I prefer 1A over 1B), but also different contextual information was gathered that is linked to the context of their TV-setting and the flow people experience when they watch television. On the other hand, this implies that the workload for the researcher is higher, as it takes more time to interview the people in their homes and there is much more research material to analyse. This turns our approach into a more time consuming activity. Regarding the number of subjects, in our test with the household panel we visited 38 households that participated in the tests (a total of 100 respondents). Each interview took about 1 hour (excluding travel time). In a lab setting the researcher usually stays in one place and the tests are usually shorter in duration. The time and cost efficiency of a lab setting versus research in a natural setting should thus be taken into account in the research design as well. Research in a natural setting does provide some interesting research results which cannot be identified in a lab setting (e.g., importance of flow experience).
B. Impairment Visibility and Tolerance
Our results show some significant differences concerning impairment visibility and acceptability when conducting subjective experiments using one of the standardized methodologies and our novel proposed methodology. Using our methodology, we are able to mimic the typical lean-backward TV viewing experience which cannot be created using a standardized methodology. By doing so, test subjects are mainly focused on movie content instead of actively evaluating visual quality.
As a result, we showed that exactly the same visual impairments are perceived very differently when our full-length movie methodology is used. In general, impairments are less visible during real-life QoE assessment. This is especially true in the case of frame freezes. Furthermore, we highlighted the importance of the flow experience of a movie which, in turn, influences users' acceptability of visual degradations during playback and users' preferred scalability solution. In the case of video downscaling, subjects always prefer that solution which does not break the natural flow of the movie.
Our work shows that results obtained using one of the standardized subjective quality assessment methodologies do not always hold on the case of real-life QoE assessment and that user expectations and context indeed influence end-users QoE. Visual quality metrics which are constructed using subjective data from short video sequences should therefore be reconsidered when these are used for measuring and monitoring end-users QoE of IPTV and VoD services.
